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y-Radiation Influences Browning, Antioxidant Activity, and
Malondialdehyde Level of Apple Juice
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Apple juice was y-irradiated at 5 °C at doses ranging from 0 to 8.9 kGy and then stored at 5 °C for
15 days. lonizing radiation reduced the browning of apple juice and increased antioxidant activity
measured by the ferric-reducing antioxidant power (FRAP) assay. The magnitude of changes increased
with radiation dose. The level of malondialdehyde (MDA) measured using the thiobarbituric acid
reactive substrates assay increased at radiation doses above 2.67 kGy. The browning of irradiated
juices increased during storage at 5 °C, but the irradiated juices were still lighter than controls at the
end of storage. Differences in FRAP values disappeared during early periods of storage while higher
MDA levels were observed in irradiated samples during most of the storage period. Elimination of
suspended matter from apple juice did not alter irradiation-induced changes in browning, FRAP, or
MDA formation. As compared to irradiation conducted at 5 and 20 °C, treatment at —15 °C was less
effective in reducing browning and in increasing MDA formation but elevated FRAP values. The
exclusion of oxygen from juices did not affect the reduction in browning due to irradiation but promoted
the increase in FRAP values and decreased the irradiation-induced MDA formation.
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INTRODUCTION for protection from heart disease and cancég.(Many fruit

ks of h . h link ) hjuices contain considerable amounts of ascorbic acid, which can
Outbreaks of several human diseases have been linked withy,e, 14 iq)ly destroyed by irradiatios,(9, 13). The decomposi-

the consumption of unpasteurized fruit juices contqminated with tion of ascorbic acid can be prevented by irradiating juices in
food-borne pathogend) Although thermal pasteurization can e frozen state or under nitrogetdy. Unfortified apple juice,
eliminate pathogens, the process may impair the characteristicy, yever, does not contain a significant amount of ascorbic acid,
flavor of juices @). Several nonthermal techniques have been p i yoes have many other antioxidants, such as phena:s (

shown to be capable of achieving the 5-log reduction of commON g |oss of these antioxidants due to irradiation treatment in
human pathogens3). One of these techniques is ionizing apple juice is unknown

irradiation, which not only inactivates food-borne pathogens but
also reduces spoilage and degrades mycotoxnsr), The
effect of irradiation on the quality of apple juice/cider is,

In addition to losses of ascorbic acid, irradiation can also
affect color. Some earlier studies on irradiation-induced changes
ti[n juice color are controversial. Chachin and Og&aéported
. o . hat irradiated apple juice became brown. Kiss and Farkps (
|rrad|at!on at dpges less than 29 kGy did not af_fegt sugar contentg e that concentrated apple juice became brighter after
and .‘”‘C'd'ty. of ]Ulcgs'(—Q). The impact of irradiation on other irradiation at 10 kGy. After storage at 50 or 80, it redarkened.
quality atFr'bLfteS is unclear. ) ) ] The magnitude of the impact caused by irradiation at the doses

The objective of most of the earlier studies was to achieve a gf pathogen inactivation is unclear.

stable product at ambient temperature£26 °C); therefore, It has been reported that aqueous solutions of carbohydrates
sterilizing radiation doses=(10 kGy) were employed. Depend- jrradiated at 25 kGy inhibit the growth of mammalian cells in
ing on the species and strains of pathogens, doses-8f5b culture (6), and it has been postulated that malondialdehyde
kGy are sufficient to achieve the 5-log reduction of common  (\ipa) together with other carbonyl compounds may contribute
pathogens 4, 10) recommended by the National Advisory g this effect (7). MDA is mutagenic tdSalmonellaester strains
Committee on Microbiological Criteria for Food ). (18, 19) and initiates skin tumors in mice2(). Therefore,
Fruits and fruit juices contain large amounts of antioxidants. accumulation of MDA in juices is of concern. It has been shown
Recent studies have highlighted the importance of antioxidantsthat high doses of irradiation induce MDA formation in aqueous
carbohydrate solution2{, 22). The accumulation of MDA in
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The objectives of this study are to investigate the effect of 23°C for 30 min, and then, absorbance at 593 nm was measured with
irradiation of apple juice at doses of pathogen inactivation on a Sargent-Welch 6-550 UV/VIS spectrophotometer (Pye Unicam Ltd.,
color, antioxidant activity, and MDA formation and also to Cambridge, U.K.). FRAP values were calculated from Fe§@ndard

explore ways of reducing adverse effects of irradiation. curves @4). o
Browning Assay. The absorbance spectrum of juice was measured

using a Shimadzu UV-1601 spectrophotometer (Shimadzu Scientific
MATERIALS AND METHODS Instruments, Columbia, MD). Quarts cuvettes (Thomas Scientific,

Juice SamplesPasteurized apple juice (not from concentrates) that Swedesboro, NJ) suitable for 228000 nm were used. For the routine
contained suspended matters was purchased locally. The juice wagneasurement of browning, the absorbance at 420 nm was measured
stored at 5°C prior to use. We used pasteurized juice instead of fresh according to Meydav and other26) using the Sargent-Welch 6-550
juice to eliminate any possible effect of microorganisms that may be UV/VIS spectrophotometer (Pye Unicam Ltd., Cambridge, U.K.).
present in fresh juice. MDA Measurement. MDA was measured using the thiobarbituric

Effect of Irradiation Dose and Storage.Approximately 4 mL of acid reactive substrates (TBARS) assay)(A 1.6 mL sample of 4
juice was placed into 5 mL glass vials and then sealed with Teflon- times the diluted juice was added to a test tube containing 1.6 mL of
lined septa and screw caps. The vials containing juice were stored at 5€ither (i) —thiobarbituric acid (TBA) solution, 20% (w/V) trichloroacetic
°C overnight and then irradiated with 0, 0.89, 1.78, 2.67, 3.56, 4.55, acid, and 0.01% butylated hydroxytoluene or (#TBA solution,
and 8.90 kGyy-radiation at 5°C. After irradiation, the juice was stored ~ containing the above plus 0.65% TBA. Samples were then mixed
at 5°C for 15 days. Browning, antioxidants, and MDA were measured Vigorously, heated at 95C in a water bath for 25 min, cooled, and
immediately after irradiation and after 2, 4, 7, 11, and 15 days of storage. centrifuged at 1309for 10 min at 5°C. The absorbance at 440, 532,
Juices were centrifuged at 13p@r 10 min in a Sorvall RT6000B ~ and 600 nm was monitored using a Shimadzu UV-1601 spectro-
centrifuge (DuPout Co., Wilmington, DE) at 28 to remove suspended ~ Photometer (Shimadzu Scientific Instruments, Columbia, MD). MDA
solids, and the supernatant was used for analysis. There were fourwas calculated using the formulas developed by Hodges e2l. (
replicates for each treatment. Each vial was regarded as a replicate.

Effect of Suspended Matter on the Irradiation Effect. Juice was [(Abs532, 155 — AbSB0Q,.1g,) —
filtered through a 0.45%m membrane (Type HV, Millipore Co., (AbS532 155 — Abs600 154)] = A (1)
Bredford, MA) under vacuum. Then, both filtered and nonfiltered juices
in 5 mL glass vials were irradiated af€ at the above doses. Browning,

antioxidants, and MDA were assayed on the day of irradiation. [(Abs440, 155 — ADSE00,1g)0.0571]= B )

Nonfiltered irradiated juice was filtered through a 0/4% membrane

before analysis. MDA (nmol mI™) = [(A — B)/157 000] 16 (3)
Effect of Processing TemperatureJuice (4 mL) was placed in 5

mL vials, sealed with Teflon-lined septa and caps, and storedL&t Statistical Analysis. The effect of radiation dose was analyzed using

5, and 20°C overnight before irradiation at 9.4 kGy at the corresponding linear and nonlinear regression, and mean separation was achieved by

temperatures. The samples were then placed@tfor approximately the least significant difference (LSD) analysis of GLM procedure using

6 h to allow the frozen sample to thaw. The juice was centrifuged at SAS version 7 (SAS Institute, Raleigh, NC). In some of the figures,

130Q for 10 min, and the supernatant was used for analysis. mean standard deviations are presented. Differences between means
Effect of Oxygen Exclusion.Approximately 3.5 mL of juice was that exceed the standard deviations were always significant when

placed into 5 mL vials and then sealed with Teflon-lined septa and analyzed using the LSD procedure at fie< 0.05 level.

open-top screw caps. Two hypodermic needles (26 gauge) were inserted

through the septum to serve as gas ports. Oxygen in the juice and

headspace of the vials was stripped by flushing the juice with nitrogen RESULTS

for 2 min through the needles at a flow rate of 50 mL mdifThe juice

was then irradiated at 9.4 kGy at 2G. Our results indicated that the . . .
nitrogen in the vials was retained for at least 12 h. ing as measured using absorbance at 420 Rigute 1). At

Irradiation and Dosimetry. Irradiation was conducted using a self- ,0'89. kGy' As20nm Was reduced by ,60'5%' The e.ffect of
contained, Lockheed CorporatidfCs y-radiation source (Marietta, irradiation on browning was exponential. As the dose increased,
GA). The unit has 23%°Cs pencils placed in an annular array around the decrease in Aonmslowed. The absorbance spectra of juice
a 63.5 cm high stainless steel cylindrical chamber with a 22.9 cm indicated that the reduction of absorbance was extended from
internal diameter. The source strength at the time of this study was ca.visible range to UV rangeFjgure 2).

109 000 Ci (4.0 PBq) with a dose rate of 0.10 kGy miirThe dose FRAP values increased linearly as doses were raised from
rate was established using alanine transfer_dosimeters from the Nat_ionab_gg to 8.9 kGy Figure 1). At 0.89 kGy, irradiation did not
Institutes of Standards and Technology (Gaithersburg, MD). Corrections paye any significant influenceP(< 0.05) on FRAP values

for source decay were made monthly. Variations in radiation dose (Figure 1). MDA formation increasedR < 0.05) at radiation
absorption were minimized by placing the samples within a uniform doses of 2 67 kGy and above '

area of the radiation field and by irradiating them within a polypropylene . . . - .
container (4 mm wall) to absorb Compton electrons and by using the During S_torgge _at SC: A“ZO_”’“Of nonlrrad_lated juice d_'d r_lot .
same geometry for sample irradiation during the entire study. Routine change while irradiated juice increased during storage, indicating

dosimetry was performed using 5 mm diameter alanine dosimeters that irradiated juice darkened during storagég(re 3). The
(Bruker Instruments, Rjeomstettem, Germany), and the free-radical lightness of irradiated juice was still evident after 15 days of
signal was measured using a Bruker EMS 104 EPR Analy28). ( storage. Although juices irradiated at doses above 1.78 kGy had
The dosimeters were placed into 1.2 mL cryogenic vials (Nalgene, significantly (P < 0.05) higher FRAP values measured im-
Rochester, NY), and the cryogenic vials were taped onto the tubes mediately after irradiation and 2 days after irradiation, there
containing juice samples prior to irradiation. The temperature in the \yas no difference between those not irradiated and those
lriailiztlﬁirt]rgh:?tb;nrk\,\ilr?tsc) rg‘la;nrt:é?ai(ijogyc;‘lna{?]’?gglg the gas phase from a5 jiated at 4.45 kGy or below after 4 days of storage. Overall,
q 9 : MDA levels of juice irradiated at doses of 2.67 kGy and above

Antioxidant Determination. Antioxidant activity was determined S . . . .
using the ferric-reducing antioxidant power (FRAP) ass2 25) by were significantly P < 0.05) higher than those in nonirradiated

the addition of 3 mL of FRAP reagent to 1@ of supernatant. The ~ Juiceé during storage at &C. _

FRAP reagent was prepared daily by combining 300 mM acetate bufier ~ Effect of Suspended Matter.As compared to nonfiltered
(pH 3.6), 10 mM 2,4,5,-tripyridyl-s-triazine in 40 mM HCL, and 20 juices, juices free of suspended matter had small but significantly
mM FeCk in the ratio of 10:1:1 (v:v:v). The mixture was incubated at (P < 0.05) less browning at doses of 2.67 and 4.45 kdgure

Dose and Storage Effectlrradiation decreased juice brown-
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Figure 1. Effect of irradiation on browning intensity (A), FRAP values
(B), and MDA level (C) of apple juice. Juice was irradiated at doses of 0,
0.89, 1.78, 2.67, 3.56, 4.45, and 8.90 kGy at 5 °C. Vertical bars represent
standard deviations of means. The absence of vertical bars indicates that
the standard deviation was smaller than the symbol.
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Figure 2. UV (A) and visible (B) absorption spectra of nonirradiated and
irradiated apple juice measured on the same day of irradiation. Juice
was irradiated at doses of 0, 0.89, 2.67, 4.48, and 8.90 kGy at 5 °C. For
the measurement of absorbance at the UV range, the juice was diluted
4 times with deionized water.

4A). Overall, suspended matter had little effect on irradiation-
induced changes in browning, FRAP values, and MDA level
in the dose range of-03.9 kGy [Figure 4).

Effect of Processing TemperatureThe reduction of brown-
ing by irradiation was less effective when juices were irradiated
frozen (~15 °C) as compared to 5 and 2C (Table 1). There
was no difference on the bleaching effect of irradiation between
5 and 20°C. The increase in FRAP values by irradiation was
more effective at-15 °C while MDA formation increased with
raised processing temperature.

Effect of Oxygen Exclusion (Nitrogen Flushing). As
compared to those without nitrogen flushing, flushing with
nitrogen prior to irradiation increased the FRAP values and
decreased the MDA formation and had no effect on juice
browning (Table 2).

Fan and Thayer
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Figure 3. Changes in browning intensity (A), FRAP values (B), and MDA
level (C) of nonirradiated and irradiated apple juice during storage at 5
°C. Juice was irradiated at doses of 0, 0.89, 1.78, 2.67, 3.56, 4.45, and
8.90 kGy at 5 °C. Only data from 0, 0.89, 2.67, 4.45, and 8.9 kGy were
shown for clarity. Vertical bars represent standard deviations of means.
The absence of vertical bars indicates that the standard deviation was
smaller than the symbol.

DISCUSSION

Brown pigment formation is undesirable in many fruit juices.
Our results indicate that irradiation reduced the browning of
apple juice and are in agreement with an earlier report on
concentrated apple juic)( The bleaching effect of irradiation
has been observed in strawberry jui28)( The effect was likely
due to the formation of free radicalgg). Although irradiated
apple juice darkened during storage, it was still much lighter
than the controls after 15 days of storage &C5(Figure 3).

Apple juice does not contain measurable amounts of caro-
tenoids 80, 31). The light brown color of nonirradiated juice
is probably due to compounds from nonenzymatic and enzy-
matic browning reactions that occurred during processing and
storage. Among the most commonly used indicators of non-
enzymatic browning products are,#nm for pyrazine com-
pounds and other heterocyclics anghd\mfor brown pigment
detection 82). Maximum absorbances were observed around
280 and 420 nm in apple juice used in the present study,
indicating that the brown pigments in the apple juice may be
formed from nonenzymatic reactions. Patulin, a common
mycotoxin in apple juice, has a maximum absorbance at 275
nm, and patulin is known to be degraded by low-dose radiation
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Figure 4. Effect of suspended matters on the irradiation-induced changes
in browning (A), FRAP values (B), and MDA level (C) of apple juice.
Juice was irradiated at doses of 0, 0.89, 1.78, 2.67, 3.56, 4.45, and 8.90
kGy at 5 °C. * indicates the significant differences analyzed using the
LSD procedure at the P < 0.05 level.

Table 1. Processing Temperature Effect on Browning (Aszonm), FRAP
Values, and MDA Level of Apple Juice?

processing As20nm FRAP values MDA
temp (°C) (% of control) (% of control) (% of control)
-15 82.3a° 120.9a 108.9a
5 62.8b 109.4b 147.1b
20 61.9b 110.7b 250.6c

2 Apple juice was irradiated with y-rays to a dose of 9.4 kGy at —15, 5, and 20
°C. b Means with same letters are not significantly different (LSD, P < 0.05).

Table 2. Effect of Nitrogen Flushing on the Irradiation-Induced
Changes in Browning, FRAP Values, and MDA Level?

flushing with As20nm FRAP values MDA
nitrogen (% of control) (% of control) (% of control)
no 61.9a° 110.7a 250.6a
yes 62.8a 118.6b 223.8b

2 Juice in vials flushed with or without nitrogen was irradiated with y-rays to a
dose of 9.4 kGy at 20 °C. b Means with same letters are not significantly different
(LSD, P < 0.05).
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this study contributed less than 3% of the total antioxidant power
(data not shown). Major antioxidants in apple juice are phenolics
(15, 30), and phenolics, such as chlorogenic acid, are much more
resistant to irradiation than is ascorbic acid (data not shown).
During irradiation, reductant88) and novel new antioxidants
may be formed 34). The redox state of ions and compounds
may also be changed by irradiation. For example, the hydrated
electrons (gueous) formed from water radiolysis can react
strongly with metal ions (such as ¥ and reduce them to lower
redox states (Pe). The measurement of FRAP values is based
on compounds’ ability to reduce Feto F&. Therefore, the
increase in FRAP values may be due to the change in the redox
state of metal ions, formation of reductants, and/or formation
of new antioxidants. The exact compound(s) that contributes
to FRAP values remains to be elucidated. The disappearance
of elevated FRAP values during storage suggests that the
compounds are not stable.

The TBARS values have been used as a means of MDA
measurement and widely applied as an index of lipid oxidation
of meats. TBA reacts with MDA but also interacts with many
other compounds3§). Although the MDA method used in this
experiment had been improved and was recently developed for
carbohydrate-rich food27), the method was not specific. Using
similar methods, it has been shown that irradiation increased
MDA formation of many aqueous and solid carbohydrafds|
22, 36). Our results indicate that irradiation may increase MDA
formation in apple juice. However, a more specific method of
MDA measurement is needed to accurately assess the effect of
irradiation on MDA formation in apple juice.

The irradiated-induced changes in browning and MDA levels
were influenced by the processing temperature. Irradiation was
less effective in bleaching but more effective in elevating the
FRAP values when juices were irradiated frozen. MDA forma-
tion increased with the processing temperature. The impact of
ionizing irradiation on the chemical changes of various foods
has two mechanisms, indirect and dire87)( The primary
mechanism in aqueous solutions such as juice in the nonfrozen
state would be the indirect effect, in which water radicals (such
as Qqueous , H* and-OH) generated from the radiolysis of water
react with solutes and induce changes in the chemical properties
of solutions. Another mechanism of irradiation is the direct
interaction of radiation with solutes, which does not involve
the free radicals from water. Temperature has a great influence
on the indirect effect and little effect on the direct effect. Under
conditions where juice is not frozen, the chemical changes
caused by irradiation will be primarily due to the reaction of
the free radicals from water with juice constituents (indirect);
under conditions where juice is frozen, the diffusion rate of free
radicals from water and reactivity of the radical acceptors in
the juice are reduced9), and chemical changes are mostly
due to the direct effect. The reduction of bleaching in frozen
juice indicates that the bleaching effect observed in juice in a
nonfrozen state is an indirect effect of irradiation. Radiation at
—15°C did not reduce the changes in FRAP values, indicating
that the increase in FRAP values may be a result of direct

(7). The observed decrease in the absorbance of irradiated juicdnteractions of juice const'ituer']ts Wi'fh radiation.
over a broad range of wavelengths indicates that many pigments As compared to those irradiated in the presence of oxygen,
may be affected by irradiation. The specific pigments bleached flushing juice with nitrogen did not reduce the bleaching effect

by irradiation are unknown.

of irradiation but increased antioxidant power and reduced MDA

FRAP values as indicators of antioxidant power increased at formation. Exclusion of oxygen can neither inhibit the radiolysis
doses above 0.89 kGy, but the high FRAP disappeared duringof water and the subsequent attack on juice constituents nor

storage at 5C. Apple juice contains a very low amount of

inhibit the direct effects of radiation on juice constituerz§)(

ascorbic acid. The amount of ascorbic acid in the juice used in The presence of oxygen only affects oxygen-related changes,
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such as peroxide formation and the reaction of oxygen with  (3) Sizer, C. E.; Balasubramaniam, V. M. New intervention processes
free radicals. Reports on the effects of anoxia during irradiation for minimally processed juices:ood Technol1999 53, 64—

are controversial 29). Elimination of oxygen increased the 67. . _
antioxidant power, indicating that oxygen is probably not (4) Buchanan, R.L.;Edelson, S. G.; Snipes, K.; Boyd, G. Inactiva-
involved with the formation of compounds responsible for the tion of Escherichia coliO157: H7 in apple juice by irradiation.
higher FRAP values. The increase in FRAP values in the App. Eniron. Microbiol. 1988 64, 4533-4535.

- (5) Kiss, I.; Farkas, J. Radiation Preservation of fruit juices in
absence of oxygen and the disappearance of the elevated FRAP combination with freeze concentratiomt. J. Appl. Radiat.

values dyring storage indicate that oxygen may promote the Isotopes1972 23, 161-171.

degradation of the compounds responsible for the higher FRAP  (g) proctor, B. E.; O'Meara, J. P. 1951. Effect of high-voltage
values observed in the irradiated juice. Antioxidants may react cathode rays on ascorbic acid, in vitro and in situ experiments.
with hydrogen peroxide and oxygen, resulting in the loss of Ind. Eng. Chem1951, 43, 718-721.

their antioxidant ability. The bleaching effect of irradiation is (7) Zegota, H.; Zegota, A.; Bachman, S. Effect of irradiation on the
not involved with oxygen since elimination of oxygen did not patulin content and chemical composition of apple juice con-
affect the bleaching effect. Similar results have been shown with centrateZ. Lebensm.-Unters.-Forsch988 187, 235-238.
strawberry juice. Freezing of strawberry juice before irradiation ~ (8) Chachin, K.; Ogata, K. Changes in chemical constituents and
improved color retention, while irradiation in a nitrogen quality of some juices irradiated with the sterilizing dose levels
atmosphere exerted little or no protective effe28)( MDA is of gamma raysFood Irradiat. 1969 4, 77-84.

(9) Thakur, B. R.; Arya, S. S. Effect of sorbic acid on irradiation-

believed to be a result of the oxidation of lipids and perhaps of ) . ;
induced sensory and chemical changes in sweetened orange

carbohydrates. The presence of oxygen increases the oxidation juice and mango pulpnt. J. Food Sci. Technol 993 28, 371—
process and therefore promotes the formation of MDA. 376

Irradiation increased the FRAP values at doses above 0.89 (10) Niemira, B. A.; Sommers, C. H.; Boyd, G. Irradiation inactivation
kGy. Whether the increases in FRAP values and MDA levels of four Salmonellaspecies in orange juices with varying turbidity.
are due to the release of compounds from the suspended matters J. Food Prot 2001, 64, 614—617.
is unclear. Elimination of suspended matters from juices did (11) National Advisory Committee on Microbiological Criteria for

not affect the irradiation-induced changes in browning, FRAP, Food. Recommendations for controlling the transmission of
and MDA formation Figure 4), indicating that changes that pathogenic microorganisms in juices. Food Safety and Inspection
occurred during irradiation are associated with solutes not Service, U.S. Department of Agriculture: Washington, DC, 1997.
suspended matter. (12) Diplock, A. T. Antioxidant and disease preventiol. Aspects

Med. 1994 15, 293-376.

(13) Fan, X.; Thayer, D. W.; Handel, A. P. Nutritional quality of
irradiated orange juicel. Food ProcessPresew., accepted for
publication.

(14) Umeda, K.; Takano, H.; Sato, T. Radiation decomposition of

To achieve a goal of 5-log reductions BEcherischia coli
0157:H7, doses of 42 kGy, depending on the strains, are
required #). For the control ofSalmonella doses of 1.86
3.55 kGy are neededL(). On the basis of the result of the

present study, a dose of 2 kGy would significantly reduce ascorbic acid under various conditiors. Food Sci. Technal.
browning and probably increase FRAP values but would not 197Q 17, 55-59.

significantly change MDA formation on the day of irradiation.  (15) Spanos, G. A.; Wrolstad, R. E. Phenolics of apple, pear, and
After 15 days of storage, the only benefit of irradiation would white grape juices and their changes with processing and
be the reduction of browning. At 3.55 kGy, an elevated level storage-a review.J. Agric. Food Chem1992 40, 1478~

of MDA might be encountered in the irradiated juice during 1487.

storage. However, the formation of MDA can be reduced by (16) Berry, R. J.; Hills, P. R.; Trillwood, W. Demonstration of a
flushing juices with nitrogen and by irradiating at low temper- cytoxic agent in gamma-irradiated carbohydrate solutimis.
atures, preferably at a frozen temperature. Under the conditions ___J- Radiat. Biol 1965 9, 559-572.

Schubert, J.; Saunders, E. 84-Unsaturated carbonyl sugars
are the cytoxic products from irradiated carbohydrakésture
(New Biology 1971, 233 199-203.

(18) Mukai, F. H.; Goldstein, B. D. Mutagenicity of malonaldehyde,

of oxygen exclusion and frozen temperatures, the antioxidant )
power of juices would be enhanced while the bleaching effect
of irradiation would still be expected.

In summary, the results of this study indicated that irradiation a decomposition of product of polyunsaturated fatty acids.
at doses of pathogen inactivation had some beneficial effects, Sciencel 976 191, 868-867.
such as reductions of browning and increases in antioxidants. (19) Marnett, L. J.; Hurd, H. K.; Hollstein, M. C.; Levin, D. E.;
However, irradiation for the inactivation of some strains of Esterbauer, H.; Ames, B. C. Naturally occurring carbonyl
Salmonellamay increase MDA formation. The formation of compounds are mutagens in Salmonella tester strain TA104.
MDA can be reduced by irradiating apple juice at frozen states. Mutat. Res 1985 148 25-34.

(20) Shamberger, R. J.; Andrione, T. L.; Willis, C. E. Antioxidants
and Cancer. 4. Malonaldehyde has initiating activity as a
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